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provision of ARA and DHA from complementary foods. The 
lowest tertile for ARA intake is associated with higher per-
centages of childhood stunting, birth rate, infant mortality, 
and longer duration of breast feeding.  Key Message: In de-
veloping countries, intakes of DHA and ARA from comple-
mentary foods are low, and public health organisations need 
to adopt pragmatic strategies that will ensure that there is a 
nutritional safety net for the most vulnerable infants.  
 © 2017 The Author(s)
Published by S. Karger AG, Basel 
 Introduction 
 During the last 3 decades, there has been considerable 
interest in the roles of long chain polyunsaturated fatty 
acids (LCPUFAs) in infant growth and development  [1–
6] . The seminal work of Manuel Martinez  [7] showing the 
rapid accretion of docosahexaenoic acid (DHA) and ara-
chidonic acid (ARA) by the infant brain during the first 
1,000 days of life underlined the potential importance of 
these fatty acids during this critical period of growth and 
development. The subsequent evidence that infants who 
received breast milk, which contains both DHA and ARA, 
had higher concentrations of DHA in their red blood cell 
membrane and in the cerebral cortex compared to infants 
receiving infant formula (IF) devoid of these fatty acids, 
was the key driver for clinical intervention studies  [8, 9] . 
 Keywords 
 Docosahexaenoic acid · Arachidonic acid · Complementary 
feeding · Infants and children · Developing countries 
 Abstract 
 Background: In developing countries, dietary intakes of ara-
chidonic acid (ARA) and docosahexaenoic acid (DHA) in early 
life are lower than current recommended levels. This review 
specifically focusses on the contribution that complemen-
tary feeding makes to ARA and DHA intakes in medium- to 
low-income countries. The aims of the review are (1) to de-
termine the availability of ARA and DHA food sources in de-
veloping countries, (2) to estimate the contribution of com-
plementary feeding to dietary intakes of ARA and DHA in in-
fants aged 6–36 months, and (3) to relate the dietary ARA and 
DHA intake data to key socioeconomic and health indicators. 
 Summary: The primary dietary data was collected by the 
Food and Agriculture Organisation (FAO) using Food Balance 
Sheets, and fatty acid composition was based on the 
 Australian food composition tables. There is evidence of 
wide variation in per capita dietary intake for both DHA and 
ARA food sources, with low intakes of meat and seafood 
products being highly prevalent in most low-income coun-
tries. In children aged 6–36 months, the supply of ARA and 
DHA from the longer duration of breastfeeding in low-in-
come countries is counterbalanced by the exceptionally low 
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 There is now a wealth of information on the roles of 
ARA and DHA from cellular, animal and human studies 
and it is evident that in early life, adequate supplies of 
both ARA and DHA are critical for normal growth and 
development  [4, 5] . However, much of the available re-
search data has been generated in high-income countries 
and there is currently limited information on dietary in-
takes of ARA and DHA by infants and young children 
living in medium- to low-income countries. In many of 
these countries, the diet is predominantly plant based 
and therefore, local diets may be low in food sources for 
ARA and DHA, which include meat, poultry and eggs for 
ARA and fish and other seafood products for DHA  [10–
12] . 
 Recommendations on dietary intakes of ARA and 
DHA in early life are few and predominantly relate to find-
ings obtained in high-income countries. The  European 
Food Standard Authority (EFSA) has recommended a 
DHA level of 0.3% total fatty acid in IF for infants aged 
0–12 months  [13] , and an intake of a minimum of 100 mg 
DHA/day for older infants and young children  [14, 15] . 
The Food and Agricultural Organisation of the United 
Nations (FAO) recommended that during the  period of 
0–6 months a daily requirement of 0.1–0.18%  energy for 
DHA (equivalent to a mean intake of 102 mg/day); for 
6–24 months, a DHA intake of 10–12 mg/kg body weight; 
2–4 years, DHA and EPA intake of 100–150 mg/day; in-
creasing to DHA and EPA of 200–250 mg at age 6–10 years 
 [16] .
 There are few explicit dietary recommendations for 
ARA; an expert group recommended 140 mg ARA/day 
during the first months of life  [17] , and for young chil-
dren, the Belgian Health Council recommended that the 
ARA content of the diet should be 0.10–0.25% energy 
(approximately 102–258 mg/day), and DHA 0.10–0.40% 
energy (approximately 102–413 mg/day)  [18] .
 The limited dietary recommendations for ARA re-
flect a previous understanding that ARA insufficiency 
was unlikely as it was plentiful in the diet and moreover, 
there was also endogenous synthesis of both ARA and 
DHA from their precursor fatty acids, linoleic acid and 
alpha-linolenic acid respectively. The opinion of EFSA 
in 2014 was that “there is no necessity to add ARA to IF 
even in the presence of DHA”  [15] . Several more recent 
publications have challenged this statement and provid-
ed evidence that endogenous synthesis is low, especially 
in early life  [5, 19–21] , and levels of ARA (and DHA) 
are low in complementary foods especially in low-in-
come countries  [10–12] . With this evidence, it is reason-
able to conclude that if an infant receives an IF or follow 
on formula without ARA and DHA, and is introduced 
to complementary foods that have low content of these 
fatty acids, the infant will have a very different fatty acid 
status from an infant who has received breast milk, 
which always contains DHA and ARA and receives 
complementary foods that have adequate levels of ARA 
and DHA. 
 This research group recently published data on per 
capita dietary intakes of DHA and ARA in developing 
countries  [22] and as an extension of that study estimat-
ed the DHA and ARA intakes by infants and young chil-
dren aged 6–36 months and living in developing coun-
tries  [23] . In upper middle-income countries, the me-
dian daily intake of ARA for infants and young children 
aged 6–36 months was 68 mg/day (with a range of 38–
137 mg/day), which was similar to the median ARA in-
take of 62 mg/day (range 50–92 mg/day) in low-income 
countries. For DHA, the median intake in upper mid-
dle  income was 43 mg/day (range 14–371 mg/day) 
and in low-income countries 50 mg/day (range 28–121 
mg/day). The similar levels for upper-, middle- and low-
income countries were related to the variation in dura-
tion of breast feeding across the gross national income 
(GNI) groups, with the supply of ARA and DHA from 
breast milk being significantly longer in the low-income 
groups. This compensated for extremely low intakes of 
ARA and DHA from complementary foods in low-in-
come countries, which was 8.9 mg/day (range 1–22 mg/
day) for ARA and 9.6 (range 0.7–65 mg/day) for DHA 
 [22, 23] . 
 These findings indicate that dietary intakes of DHA 
and ARA in early life are generally lower than current 
recommended levels and the provision of ARA and DHA 
from breast milk and complementary foods varied with 
the economic status of the country. It is evident that 
maintaining a continuum of DHA and ARA during the 
early life period in developing countries is challenging but 
by enabling an optimum supply from both breast milk (or 
supplemented IF) and complementary foods during this 
period, an adequate ARA and DHA intake should be 
achievable. 
 Aim 
 The aims of this study, which focuses on developing 
countries, are (1) to determine the availability of ARA and 
DHA food sources in these countries, (2) to estimate the 
contribution of complementary feeding to dietary intakes 
of ARA and DHA in infants aged 6–36 months, and (3) 
to relate the dietary ARA and DHA intake data to key so-
cioeconomic and health indicators. 
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 Methodology 
 The methodology for the extraction of dietary data across de-
veloped and developing countries and the subsequent analyses 
have previously been described  [22, 23] . In summary, the original 
dietary data was extracted from Food Balance Sheets that had been 
collected by the FAO Statistics Division  [24–26] . Fatty acid com-
position was based on the Australian food composition tables 
2009–2011 (NUTTAB)  [27] , and this analysis provided median 
per capita intake estimates for DHA and ARA in 175 countries 
worldwide, of which 128 are recognised as developing nations  [22] . 
The food analysis focused on the predominant sources of ARA – 
meat, eggs and milk, and for DHA – fish and seafood products. 
 For the estimate of ARA and DHA intake by infants and young 
children aged 6–36 months, the contributions from breast milk con-
sumption were calculated using previous published data on volume 
of breast milk intake  [28] , the DHA and ARA composition of breast 
milk  [29] , energy requirements for children 6–36 months of age  [30] , 
and the duration of breast feeding within individual countries  [31] . 
 Estimates of complementary food consumption during the age 
range of 6–36 months were based on the per capita data and pro-
portionately reduced to represent normal energy intake during the 
age range of 6–36 months. The energy intakes per capita for devel-
oped and developing countries have been previously reported  [32] , 
and for children at 6–36 months of age an energy requirement of 
930 kcal/day, which was considered by the FAO to meet require-
ments for normal growth, was the accepted benchmark  [33] . The 
ARA and DHA intakes at ages 3–7 years were similarly calculated 
using FAO estimates of energy intakes at these ages. As these ad-
justments in energy intake resulted in a proportionate reduction 
in DHA and ARA intake, the % energy for DHA and ARA was not 
altered from the overall population levels. 
 The relationship of the economic status of the country to di-
etary intake was assessed using the World Bank Atlas method, 
which classifies countries by their per capita GNI  [34] . Accord-
ingly, the countries were grouped as “high income” if per capita 
income was greater than US$12,276 (GNI 1), “upper-middle” if 
income was US$3,976–12,276 (GNI 2), “lower-middle” if income 
was US$1,006–3,975 (GNI 3) and “low” if income was less than 
US$1,005 per capita (GNI 4). 
 The ARA and DHA intake data from 6 to 36 months was re-
lated to the previously published health indicators birth rate  [35] , 
infant mortality  [36] , and percentage of stunting  [37] . 
 The data is predominantly presented as a descriptive analysis 
and was analysed using IBM SPSS Statistics 22. Since key data, es-
pecially data relating to DHA intake did not have a normal distri-
bution, the relevant data is presented as the median and the range, 
and differences in median intakes across categories are measured 
using non-parametric tests. The Kruskal–Wallis H test is used to 
determine if there are statistically significant differences in distri-
bution of key outcome variables between 3 or more variable groups.
 Results 
 The estimated per capita dietary intake of DHA and 
ARA food sources for 8 regions, including 134 medium- 
to low-income countries, are shown in  Table 1 . The data 
demonstrates that there is wide variation in dietary intake 
for both DHA and ARA food sources. In relation to fish 
and seafood products, which are the predominant sourc-
es of dietary DHA, intakes vary from 5.7 g/day in Central 
Asia to 80.8 g/day in East Asia. Dietary sources of ARA 
include eggs of which the highest intake was in South 
America and the lowest in Sub-Saharan Africa. Pork in-
take is unrecordable in South Asia and highest in East 
Asia and this reflects social and religious cultures. In rela-
tion to bovine meat, the highest and lowest intakes were 
again South America and Sub-Saharan Africa respective-
ly. 
 The variation in per capita poultry meat and seafood 
intakes in the lowest income countries is shown in  Figures 
1 and  2 and the per capita intake of ARA and DHA by 
food sources in 28 low-income countries are shown in 
 Table 2 . In all, except 2 countries, the per capita intake of 
poultry meat is less than 20 g/day. All except 4 countries 
have less than 40 g/day fish/seafood intakes. In the low-
est-income countries, the per capita median intake of 
ARA and DHA by food sources is 39 and 41 mg/day, re-
spectively, with low intakes of meat and seafood products 
being highly prevalent in these countries ( Table 2 ). The 
variation in per capita intake of ARA and DHA across 
low-income countries is shown in  Figures 3 and  4 . All but 
2 countries have intakes of ARA less than 100 mg/day in-
take and two-thirds of the countries have per capita in-
takes of less than 50 mg/day. All but 4 countries have per 
capita intakes of DHA that are less than 100 mg/day. 
 The estimated contributions of breast milk and com-
plementary feeding to median intakes of DHA and ARA 
in young children aged 6–36 months and their relation to 
GNI of the country are shown in  Table 3 and the estimat-
ed ARA and DHA intakes in children aged 3–7 years by 
GNI are shown in  Table 4 . There is considerable variation 
between breast and complementary feeding practices 
with a significantly longer breastfeeding period in low-
income countries. The longer supply of ARA and DHA 
from breast milk in these countries is counterbalanced by 
the exceptionally low supply of ARA and DHA from 
complementary foods. 
 Figure 5 demonstrates a direct positive correlation be-
tween the median duration of breastfeeding and percent-
age of stunting within the 76 developing countries and 
 Table  5 shows the relationship of ARA intake to key 
health indicators. The lowest tertile for ARA intake is sig-
nificantly associated with a higher percent of childhood 
stunting, higher birth rate, higher infant mortality, and 
longer duration of breast feeding. The intake of ARA sig-
nificantly correlates with DHA intake. 
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 Discussion 
 In previous publications, national estimated intakes of 
per capita ARA and DHA and intakes by infants and 
young children in the age range of 6–36 months have 
been reported  [22, 23] . This paper specifically focusses on 
the contribution that complementary feeding during ear-
ly life makes to ARA and DHA intakes in medium- to 
low-income countries, and to place this data in the con-
text of key socioeconomic and health indicators. 
 It has previously been reported that the LCPUFA con-
tent of weaning foods is low compared to breast milk and 
that this is particularly evident in low-income countries 
where the staple foods are cereals, legumes and roots, 
which have a limited LCPUFA content  [10–12] . Howev-
er, even in high-income countries, the dietary intake of 
DHA and ARA from complementary foods can be low; in 
Germany, infants at the age of 6 months were reported to 
receive 47 and 72 mg/day of DHA and ARA, respectively, 
at 6 months and this fell to 28 and 24 mg/day at 9 months, 
respectively  [38] . This change reflected the decrease in the 
intake of breast milk during this time. Data from Belgium 
showed that intakes of DHA at 2.5–3 and 4.6–5 years were 
43 and 49 mg/day, respectively, and for ARA the intake 
was 17 and 18 mg/day, respectively  [18] . 
 In developing countries, it is common practice for in-
fants to be weaned on to foods that are prepared for the 
whole family and therefore, the diet that infants receive 
during this important period of growth and development 
will reflect the nutritional content of the local adult diet. 
Table 1 . Estimated per capita dietary intake of DHA and ARA food sources (g/day) in medium- to low-income countries
Region Fish/seafood Eggs Bovine meat Mutton/goat Poultry meat Pig meat Offals
North Africa
n 6 6 6 6 6 6 6
Median 30.4 14.3 14.2 12.7 30.5 0.1 4.0
Range 10–48 1–24 12–31 4–18 1–47 0–27 3–5
Sub-Sahara Africa
n 41 41 41 41 41 41 41
Median 17.7 2.9 13.5 4.3 8.7 3.7 4.2
Range 0.5–81 0–17 2–49 0.5–30 0.5–95 0–59 0.5–18
East Asia
n 24 24 24 24 24 24 24
Median 80.8 14.0 14.5 1.5 38.1 34.6 6.1
Range 7–169 0–51 2–83 0–20 4–156 7–150 1–72
South Asia
n 7 7 7 7 7 7 7
Median 18.5 6.6 13.9 3.3 10.2 0 1.8
Range 5–384 3–23 3–21 0.3–8 2–65 0–3 0–5
Western Asia
n 10 10 10 10 10 10 10
Median 18.3 16.0 16.8 11.5 64.4 0.1 4.4
Range 7–59 5–29 6–64 4–39 20–181 0–6 1–16
Central Asia
n 10 10 10 10 10 9 10
Median 5.7 15.6 31.4 10.5 25.1 14.0 7.1
Minimum 0–41 2–40 6–58 0.3–21 3–57 1–88 4–17
Caribbean and Central America
n 24 24 24 24 24 24 24
Median 33.7 17.3 24.3 3.0 83.6 25.1 4.6
Range 3–150 0–42 6–90 0–64 10–165 1–62 0.5–13
South America
n 12 12 12 12 12 12 12
Median 14.7 18.1 45.8 1.4 55.3 20.3 7.9
Range 1–51 3–46 10–132 0–122 4–105 0.4–59 4–26
n, number of countries.
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(g/day) in low-income countries. 
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(g/day) in low-income countries. 
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Prentice and Paul  [12] report that in Gambia, which has 
access to a short coastline and inland fresh water, the fat-
ty acid dietary profiles changed considerably following 
the cessation of breastfeeding with dietary ARA intakes 
falling from 17 mg/kg body weight during the first 
6 months of life to 1 mg/kg body weight at 24 months and 
the reduction in dietary DHA intake during the same pe-
riod was 21 mg/kg body weight falling to 1 mg/kg body 
weight.
 Fat intake in early life in the Gambia, and similar de-
veloping countries, is provided almost entirely by breast 
milk  [10, 12] . After the age of 6 months, the introduction 
of cereals and groundnut-based foods that contain little 
fat lead to replacement of some of the breast feeds. By the 
age of 2 years, the percentage of energy from fat in the 
infant diet will have fallen from more than 50% at 
3 months to 15% at 2 years of age  [12] . In this study, there 
is clear evidence that there is a direct relationship between 
ARA and DHA intake from complementary foods and 
GNI of the country. In the poorest countries, the intake 
of ARA and DHA from complementary foods is almost 
negligible, for example, in Nepal, Bangladesh, Ethiopia, 
and Rwanda. The high birth rate in these countries  [35] 
will further increase the prevalence of the low-intake sta-
tus and the potential for adverse health consequences. 
The low-income group in this study includes 25 coun-
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low-income countries. 
Table 2. Per capita intake of ARA and DHA by food sources in 28 low-income countries
Eggs Fish Bovine Mutton Poultry Pig meat Meat other Offals Milk Total
ARA intake, mg/day
Median 4.3 5.6 6.0 3.2 3.3 1.1 1.3 5.0 1.4 39.1
Range 0.8–26 0–60 0.7–25 1–97 0.3–36 0–16 0–13 1–34 0.1–10 17–180
DHA intake, mg/day
Median 4.8 34.6 0.6 0.4 0.5 0.2 0.2 2.7 0 41.3
Range 0.1–3 0–369 0.1–3 0.1–12 0.1–5 0–3 0–2 0.8–18 0 6–383
D
ow
nl
oa
de
d 
by
: 
Un
ive
rs
ity
 o
f D
un
de
e 
   
   
   
   
   
   
   
   
   
   
   
 
13
4.
36
.5
0.
21
9 
- 3
/3
0/
20
17
 1
1:
00
:3
3 
AM
 Dietary Intakes of DHA and ARA in 
Developing Countries 
Ann Nutr Metab
DOI: 10.1159/000463396
7
0
100
200
300
400
Pe
r c
ap
ita
 D
HA
 in
ta
ke
, m
g/
da
y
Country
Et
hi
op
ia
Ta
jik
ist
an
Gu
in
ea
-B
iss
au
Rw
an
da
N
ep
al
Lib
er
ia
Zi
m
ba
bw
e
N
ig
er
Ky
rg
yz
st
an
So
m
al
ia
Ke
ny
a
Ch
ad
M
on
go
lia
Ha
iti
M
al
aw
i
M
ad
ag
as
ca
r
Bu
rk
in
a 
Fa
so
Un
ite
d 
Re
pu
bl
ic 
of
 Ta
nz
an
To
go
M
oz
am
bi
qu
e
M
al
i
Ce
nt
ra
l A
fri
ca
n 
Re
pu
bl
ic
Gu
in
ea
Ug
an
da
Be
ni
n
Ba
ng
la
de
sh
Ga
m
bi
a
Si
er
ra
 le
on
e
M
ya
nm
ar
 Fig. 4. Per capita DHA intake (mg/day) in 
low-income countries. 
Table 3.  Estimated contributions of breast milk and complementary feeding to median intakes of DHA and ARA (mg/day) in young 
children aged 6–36 months and their relation to GNI
GNI Intake DHA from 
breast milk
Intake DHA from 
complementary food
Intake ARA from 
breast milk
Intake ARA from 
complementary food
Middle upper
n 18 17 18 17
Median 17.3 23.7 26.7 34.6
Range 2.0–38 10–175 3–59 21–67
Middle lower
n 34 34 34 34
Median 24.0 16.5 36.9857 19.1
Range 2–37 3–80 3–56 5–61
Low income
n 25 25 25 25
Median 29.4 9.6 45.2 8.9
Range 22–55 0.7–65 34–84 1–23
Total
n 77 76 77 76
Median 25.6 14.6 39.4 17.9
Range 2–55 0.7–175 3–84 1–67
n, number of countries.
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tries, a total population of 644 million, and an average 
birth rate of 34 births per 1,000 population. It is estimated 
that in countries that fall within this category of GNI, ap-
proximately 22 million infants will be born each year. 
 The estimates for dietary intake of ARA and DHA 
from 3 to 7 years old children were based on the per cap-
ita dietary intakes for the individual countries  [22] , en-
ergy requirements of the children at the different ages 
 [33] , and the assumption that infants and young children, 
especially those living in low-income countries will be 
consuming the family diet. The estimated childhood in-
takes of DHA and ARA were generally low during the age 
range of 3–7 years, and this data corresponded closely 
with the economic status of the country. 
 With few exceptions, the per capita dietary intake data 
shows that the intake of ARA food sources including beef, 
poultry and eggs is minimal in low-income countries. A 
clear exception is Myanmar (formerly Burma), which has 
reported intakes that are more aligned to those found in 
high-income countries  [39] . Although cereals, especially 
rice, remain the most important source of food energy 
(50%) in Myanmar, their contribution to overall dietary 
energy supply has decreased and products from animal 
origin have markedly changed with meat, milk and eggs 
increasing by 446% between 1991 and 2011  [39] . 
 Stunting is an irreversible outcome of inadequate nu-
trition and repeated bouts of infection during early life, 
and globally 162 million children under the age of 5 years 
may be affected  [37] . In addition to marked growth retar-
dation, the condition is associated with significant cogni-
Table 4.  Estimated ARA and DHA intakes (mg/day) in children aged 3–7 years by GNI of the country
GNI ARA intake 
3 years
ARA intake
 4 years
ARA intake 
5 years
ARA intake 
6 years
ARA intake 
7 years
DHA intake 
3 years
DHA intake 
4 years
DHA intake 
5 years
DHA intake 
6 years
DHA intake 
7 years
High income
n 41 41 41 41 41 41 41 41 41 41
Median 77.0 83.1 88.4 95.1 102.8 63.6 68.7 731 78.6 85.0
Range 30–119 32–129 34–137 37–147 40–159 21–230 23–249 25–265 27–285 29–308
Upper middle income
n 48 48 48 48 48 48 48 48 48 48
Median 66.0 71.3 75.8 81.6 88.2 42.5 45.9 48.8 52.6 56.8
Range 28–123 30–133 31–141 35–152 37–164 11–542 12–585 13–622 14–670 15–724
Lower middle income
n 52 52 52 52 52 52 52 52 52 52
Median 39.7 42.9 45.6 49.1 53.0 50.5 54.5 58.0 62.4 67.4
Range 15–135 16–149 17–155 18–167 19–180 5–255 6–275 7–293 7–315 8–341
Low income
n 28 28 28 28 28 28 28 28 28 28
Median 21.5 23.2 24.7 26.6 28.7 22.0 23.8 25.3 27.2 29.4
Range 9–96 10–104 11–111 12–119 13–129 3–189 4–204 4–217 4–234 5–252
Total
n 169 169 169 169 169 169 169 169 169 169
Median 57.7 62.3 66.3 71.3 77.1 48.1 52.0 55.3 59.5 64.3
Range 9–135 10–149 11–155 12–167 13–180 3–542 4–585 4–622 4–670 5–724
n, number of countries.
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 Fig. 5. Relationship of median duration of breastfeeding to percent 
of children with stunting in 73 developing countries. 
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tive impairment. In this study of medium- to low-income 
countries, it is noted that the per capita intake of DHA 
and especially ARA is inversely related to the percentage 
of stunting in the country. Moreover, the median dura-
tion of breastfeeding was also directly related to the per-
centage of stunting of children. It is likely that this latter 
association represents reverse causality with breastfeed-
ing duration being longer in the poorest countries be-
cause of the lack of available nutritious complementary 
foods and it is the deficiency of complementary feeding 
that is the critical factor in the development of stunting. 
This study has focussed on ARA and DHA, but there are 
clearly many other nutrients that are not meeting ade-
quate levels for these children. Animal foods are not only 
important sources of energy, protein and fats, including 
ARA and DHA but also provide crucial supplies of vita-
min A, vitamin B-12, riboflavin, calcium, iron, and zinc; 
sub-optimal intakes of these nutrients may lead to anae-
mia, night blindness, poor growth, rickets and impaired 
cognitive performance  [40] . Therefore, in addition to the 
specific effects that low intakes of ARA and DHA may 
have on growth and development, ARA and DHA status 
may also reflect a wider deficiency of nutrients of animal 
source that collectively impact on a range of health out-
comes. Clearly a balanced diet of grains, vegetables, fruit, 
dairy, fish and meats should be the ultimate objective.
 International recommendations for ARA and DHA in 
early life have been underpinned by evidence from stud-
ies undertaken in high-income countries, and this data 
does not represent the contrasting geographical, eco-
nomic, social, and cultural conditions that exist in most 
medium- to low-income countries. The evidence from 
this current analysis supports a previous opinion that 
plant-based complementary foods by themselves are in-
sufficient to meet the needs for DHA and ARA and meat, 
poultry, eggs, and fish need to be more prevalent in com-
plementary food diets  [22] . It is important that public 
health strategies are aimed at providing a safety net for 
the most vulnerable infants. With so few ARA and DHA 
randomised controlled intervention studies involving 
infants from medium- to low-income countries, intakes 
achieved by an infant compliant with the WHO guidance 
on breast and complementary feeding  [11, 28] , may cur-
rently provide the best evidence for recommendations 
on dietary requirements of ARA and DHA during early 
life. 
 It is concluded that estimates of DHA and ARA in-
takes in developing countries worldwide indicate that 
many infants and young children are receiving low in-
takes of these metabolically important polyunsaturated 
fatty acids. Unfortunately, for the foreseeable future, 
there will continue to be nutritional, social, and econom-
ic factors that prevent many infants and young children 
from receiving an optimum feeding pattern of breast milk 
and complementary foods, and public health organisa-
tions need to adopt pragmatic strategies that will ensure 
Table 5.  Relationship of estimated ARA intake from complementary foods to population, birth rate, infant mortality rate, percent stunt-
ed, median duration of breastfeeding and intake of DHA from complementary foods in developing countries
ARA intake from 
complementary food, 
mg/day
Population, 
millions
Birth 
rate*, 1
Infant mortality 
rate*, 2
Percent of childhood 
stunting*
Duration of 
breastfeeding*, 
months
DHA intake from 
complementary food, 
mg/day*
Tertile 1 (1.1–12.4)
n 25 25 24 24 25 25
Median 19.9 34.4 51.2 42.6 20.9 9.3
Range 2.1–1,275 19.6–45.5 23.5–102 30.9–58.7 17.0–33.6 0.7–35.8
Tertile 2 (12.5–23.3)
n 26 26 26 26 26 26
Median 12.2 26.7 42.7 33.6 18.9 18.5
Range 0.19–244 15.9–42.1 8.8–90.6 17.2–55.5 15.0–21.4 3.9–64.9
Tertile 3 (23.4–66.7)
n 25 25 25 25 25 25
Median 16.0 18.5 22.3 22.7 14.7 26.1
Range 0.34–204 11.2–34.9 9.6–71.5 5.3–52.2 7.0–25.3 5.6–174
 Kruskal–Wallis H test. * p < 0.001. n, number of countries.
1 Birth rate: the number of live births per thousand of population per year.
2 Infant mortality: the number of deaths of children under one year of age per 1,000 live births occurring during the same year.
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